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Congenital disorders (CDs) or birth defects are defined as 
abnormalities of structure or function, including metabolism, that 
are present from birth.[1] Some are clinically obvious at birth, while 
others manifest later in life. CDs may be caused by genetic or 
partially genetic factors (preconception), non-genetic causes (post-
conception), a combination of these or unknown factors.
Surveillance of CDs is essential to providing reliable information 
for decision-making and policy development relevant to their care 
and prevention.[2] Accurate data are required to demonstrate the true 
contribution of CDs to the burden of disease, which is imperative for 
any country.
CDs are the leading causes of infant and under-5 child mortality 
in high-income countries, accounting for up to 28% of deaths. [3] 
Surveillance systems in these countries, such as the National Birth 
Defects Prevention Network in the USA and the British Isles’ 
Network of Congenital Anomalies, collate relevant data to determine 
the contribution of CDs to infant and child morbidity and mortality 
rates.[4,5] Relevant health policy is developed in response to these 
observed data.
Insufficient epidemiological data hamper the provision of quality 
health services for people with CDs. This is a common challenge 
among low- and middle-income countries (LMICs) including South 
Africa (SA), necessitating the use of estimates through modelling. 
With the birth prevalence of CDs in LMICs greater than or equal 
to that of high-income countries, this highlights the importance of 
quality epidemiological data from comprehensive surveillance, and a 
functioning health system.[6,7]
CD surveillance was initiated in SA in 1980 through research on 
the teratogenic effects of water supplies undergoing new purification 
processes. Work by the Water Research Commission through the 
University of Cape Town[8] provided the National Department of 
Health (NDoH) with the basis of a national CD surveillance system. 
This system aimed to provide information on the extent of disabling 
conditions, and to plan prevention and rehabilitation programmes.[8]
Following the publication of the Policy Guidelines for the Manage ment 
and Prevention of Genetic Disorders, Birth Defects and Disabilities[9] 
in 2001, the national CD surveillance system was modified further 
by the NDoH with the introduction of the Birth Defect Notification 
Tool (BDNT) form. This article reports on the data emanating from 
the surveillance system implemented by the NDoH from 2006 to 
2014.
Methods
Surveillance systems require clear goals and objectives to pro-
duce data that can be used to improve the general health of the 
public. The goals of the NDoH system were: (i) to find out the 
inci dence and prevalence rates of CDs; (ii) to determine priorities 
for intervention; (iii) to inform effective planning; (iv) to set 
objec tives for prevention and care; and (v) data evaluation and 
provision of feedback to provinces, health areas and health dis-
tricts.[9] The specific methodology used is outlined under subse-
quent headings. [10,11]
Case definitions
The case definitions define the parameters for the surveillance 
system. Various definitions were considered, including maximum 
age of patient and types of CDs (minor, major or only specific 
CDs). [4,10,11] In 2001, the NDoH compiled a list of CDs (those 
that are identifiable or measurable within 24 hours of birth) to 
be monitored. These included neural tube defects (NTDs), Down 
syndrome, albinism, microcephaly, isolated cleft lip and/or palate 
and isolated hydrocephalus.[9] In 2005, the National Guidelines for 
the Care and Prevention of the Most Common Genetic Disorders, 
Birth Defects and Disabilities were published.[12] These outlined 
priority CDs that are common in SA and added talipes equinovarus, 
congenital infections and genetic deafness, blindness, physical 
handicap and mental retardation to the initial list of conditions for 
inclusion.
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Case ascertainment methods
Between 2006 and 2014, a total of 729 health-
care providers (HCPs) from all levels of care, 
including primary healthcare (PHC) cen-
tres, were trained in the use of the BDNT 
(D Tshikedi, personal communi cation, 2015). 
This training was undertaken through the 
Medical Genetics Education Programme 
(MGEP) for labour ward and outpatient ward 
staff to maximise opportunities for identify-
ing CDs throughout the continuum of care. 
Completed BDNTs were submitted to the 
NDoH via the district and provincial depart-
ments of health (DoHs) on a monthly basis. 
Provincial co-ordinators were respon sible for 
the collation and analysis of provincial data 
prior to submitting to the NDoH. The iden-
tification and notification of the CD would 
preferably occur immediately following deliv-
ery, but, if undiagnosed within 24 hours of 
birth, notification could occur at any age, 
when the CD is identified. When no CD was 
identified at a specific facility within a report-
ing month, a zero notification tool was com-
pleted and submitted for the specific month 
using the same method. The BDNT was com-
pleted by various HCPs including registered 
nurses, medical doctors, genetic counsellors 
or clinical geneticists, if available. Only identi-
fied CDs were reported (preliminary diagno-
ses) while laboratory or other investigations 
were undertaken for confirmation.
Pregnancy outcomes
CDs on all pregnancy outcomes were to 
be monitored, including live births, still-
births, terminations of pregnancy (TOP) and 
miscarriages.
Classification/coding
Although most countries opt to use the 
International Classification of Diseases, 10th 
revision (ICD-10), the NDoH developed a 
tailored coding system, capturing each CD 
using Microsoft Access and exporting the 
data to Microsoft Excel (USA). Each CD case 
was assigned a unique identifying number in 
the sequence received in that year, e.g. the first 
reported CD for 2006 was coded as 001/06. 
The system was implemented from May 2006.
Results
Implementation of the BDNT system by the 
health facilities was slow and erratic. The 
total number of notifications received from 
2006 to 2014 was 14  571, of which 13 252 
were CDs and 1 319 were zero notifications.
National reporting (Table 1) peaked in 
2011 with a total of 2 401 cases reported, 
which was 2.92% of the expected number of 
CD cases based on modelled figures. [13,14] In 
2014, the lowest number of CDs to date (612) 
was reported, indicating under-reporting of 
more than 99%.
Table 2 shows the distribution of CD 
notification tools received per province. 
KwaZulu-Natal (KZN) recorded the highest 
number of reported CDs for every year 
of the review period and in total, with 
7 219 notifications (54.47%). The Western 
Table 1. CDs reported in SA for 2006 - 2014 compared with expected numbers based 
on modelled estimates
Year
Zero 
notifications, n 
CD 
notifications, n 
Expected CD 
notifications,* n
Actual notifications as 
% of expected
2006 77 647 78 201 0.83
2007 109 1 338 79 020 1.69
2008 112 1 449 79 914 1.81
2009 135 1 854 80 829 2.29
2010 89 1 745 81 680 2.14
2011 387 2 401 82 349 2.92
2012 232 2 174 83 118 2.62
2013 119 1 032 83 821 1.23
2014 59 612 84 461 0.72
Total 1 319 13 252 73 3393 1.81
*Based on modelled/estimated figure of 6.8% of live births affected by CD per annual number of births.[13,14]
Table 2. CDs notified per province, 2006 - 2014, n 
Province 2006 2007 2008 2009 2010 2011 2012 2013 2014 Total
Eastern Cape 35 39 72 24 98 194 174 64 28 728
Free State 41 45 27 63 99 159 191 90 29 744
Gauteng 91 162 104 13 244 404 396 165 21 1 600
KZN 231 732 790 1 396 1 116 1 287 930 408 329 7 219
Limpopo 32 105 72 81 25 88 106 11 21 541
Mpumalanga 99 72 27 93 34 72 148 203 89 837
North West 78 81 113 53 41 110 59 3 0 538
Northern Cape 40 65 110 62 61 50 150 81 95 714
Western Cape 0 37 134 69 27 37 20 7 0 331
Total 647 1 338 1 449 1 854 1 745 2 401 2 174 1 032 612 13 252
Fig. 1. Pregnancy outcomes of reported CDs as reported by facilities.
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Cape reported the least notifications in total 
(n=331, 2.50%).
Pregnancy outcomes as reported by 
health facilities are shown in Fig. 1. Early 
identi fication and diagnosis are vital to 
enable appropriate care and management 
of the affected infant should the mother 
choose to continue with the pregnancy. Of 
the 13 252 reported CDs, 85.81% (n=11 372) 
were live births, 5.74% (n=761) stillbirths, 
0.89% (n=118) TOP and 0.20% (n=27) mis-
carriages. For 7.35% (n=974) of notifications 
the pregnancy outcome was not indicated.
CDs may be identified prenatally or post 
delivery. Identifying CDs during pregnancy 
facilitates early identification of different 
approaches to management of the affected 
pregnancy, including choice of TOP.[9] The 
majority (85.81%) of infants affected by a 
CD in this study were born alive. However, 
the number of live births with a CD 
identified prenatally was only documented 
in 0.89% of cases, where patients opted for 
TOP following prenatal diagnosis.
During the review period, priority 
CDs[12] contributed 35.92% (n=4 760) of the 
total of 13 252 CDs reported (Fig. 2). The 
leading CDs reported were Down syndrome 
(n=1 236, 25.97%), talipes equinovarus 
(n=1 087, 22.84%), cleft lip and/or palate 
(n=943, 19.81%) and NTDs (n=787, 16.53%) 
(Table 3). Fetal alcohol syndrome (FAS) was 
the least reported, with 73 (1.54%) cases.
Other reported cases that were not com-
mon priority CDs were categorised as ‘other 
congenital disorders’ (OCDs). These totalled 
8 492 (64.08%), of which only 1 497 (17.63%) 
were diagnosed. Where OCDs could not 
be diagnosed but clear abnormalities were 
observed, the abnormal organ/system was 
reported with a description. Abnormalities 
of the hands (mainly polydactyly) were the 
most commonly reported (n=1 775, 20.90%), 
followed by those of the skull (n=659, 7.76%) 
and the heart (n=574, 6.76%). Least reported 
were abnormalities of the skin with only nine 
cases (0.11%) that were only monitored from 
2013. Abnormalities may be isolated or occur 
on multiple organs or structures. Multiple 
systems/structure CDs accounted for 1 360 
(16.02%) of the reported OCDs.
Discussion
The success of any congenital defects noti-
fication system or surveillance system dep-
ends upon three factors: (i) training of HCPs 
and their ability to apply the acquired knowl-
edge; (ii) the presence of a local (provincial) 
co-ordinator; and (iii) the compliance of 
HCPs with the surveillance system. The 
provincial co-ordinators are pivotal in this 
process owing to their dual training and 
data collection and/or surveillance respon-
sibilities.[9]
All nine provinces in SA should be imple-
menting the BDNT, but current compliance 
is erratic and inadequate. The 13 252 CD 
notifications reported for the period 2006 - 
2014 are only 1.81% of the expected total 
of 733 393, based on modelled estimates 
(Table  1). [13,14] This implies under-reporting 
by 98.19% during this 8-year period. In the 
last 2 years of the review period, reporting 
has dropped notably since implementation 
began in 2006, with the lowest figures 
reported in 2014.
KZN is the province with the second 
largest population in the country and repor-
ted an average of 54.47% of the total CD 
notification.[13] KZN’s initial success can 
be attributed to the presence of an active 
provincial co-ordinator and consistent 
training of HCPs via MGEP. The national 
decline in data from 2012 may be attributed 
to the loss of a highly effective KZN provincial 
co-ordinator who remains unreplaced to 
date. This has impacted negatively both on 
the management of the provincial genetic 
services and on data flow for 2012 and 
subsequent years.
In the Western Cape, where the fewest 
CDs were reported, provincial co-ordinators 
are also responsible for other maternal and 
child health programmes. Although genetic 
services are available at different facilities, 
co-ordination is lacking. This negatively 
impacts on the co-ordination of HCP train-
ing and data flow from facilities to the 
NDoH via the province, evidenced by only 
331 CDs reported in total for 2006 - 2014.
In Gauteng, the province with the largest 
population between 2002 and 2015, the 
number of CDs notified peaked in 2011 
(n=404). However, with 200 443 births 
recorded in Gauteng in 2011,[15] modelled 
data indicate a minimum of 13 630 births 
(6.8%) with a CD in the province, with 3 571 
of those identifiable within the first 24 hours 
of life.[14] This indicates significant under-
reporting (97.04%) in Gauteng in 2011.
Of the total of 13 252 CDs reported 
nationally during the 8-year period of this 
study, only 35.92% (4 760) were common 
priority conditions. NTDs contributed the 
greatest single group of CDs (16.53%), 
including anencephaly, encephalocele and 
spina bifida. More than half (52.78%) of 
the reported CDs were undiagnosed. This 
highlights the importance of training HCPs 
in identifying, diagnosing and referring 
patients for appropriate CD management 
and care.
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Fig. 2. Number of priority CDs notified, 2006 - 2012.
Table 3. Other CDs notified, 2006 - 2014
Other CDs n (%)
Named diagnosis 1 497 (17.63)
Abdomen 461 (5.43)
Arms 88 (1.04)
Chest 81 (0.95)
Face 464 (5.46)
Feet 156 (1.84)
Gastrointestinal tract 498 (5.86)
Genitals 379 (4.46)
Hands 1 775 (20.90)
Heart 574 (6.76)
Legs 391 (4.60)
Skin 9 (0.11)*
Skull 659 (7.76)
Urinary system 100 (1.18)
Multiple systems/structure 1 360 (16.02)
Total OCDs 8 492 (100)
*Monitored from 2013.
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FAS was the least-reported CD, with only 73 reported cases (1.53%). 
This is unsurprising as the diagnosis of FAS is extremely challenging, 
especially in the neonatal period, and requires clinical examination 
of features by a trained HCP.[16] Of the 73 FAS cases reported, 44 were 
diagnosed at birth and 29 were diagnosed later in the continuum of 
care. These data do not align with literature reporting FAS prevalence 
in SA as the highest documented globally, suggesting that FAS is 
grossly underreported via the BDNT.
Challenges
The provincial DoHs are guided by the NDoH but function auto-
nomously. Nationally developed policies are implemented by the 
provinces in a top-down approach. The 2001 Policy Guidelines 
were developed in collaboration with the provinces and relevant 
stakeholders, but implementation of this policy, including the BDNT, 
has been problematic. Despite all provinces implementing the tool, 
erratic compliance by the districts is a challenge for data collection. 
Without a zero notification from a facility for a particular month, it is 
not known whether this is due to non-submission of forms or because 
no CDs were detected during that period.
By the end of 2012, although MGEP training had been conducted 
in every district in SA, only 46 of the 52 districts were submitting 
BDNTs. While some facilities lack a human genetics-trained HCP, 
there is also a lack of continued training for additional HCPs 
throughout the continuum of care with no relevant follow-up support 
provided. As a result, many CDs continue to be misdiagnosed 
or remain undiagnosed. This prevents a notification from being 
submitted and, more significantly, precludes the patient from 
receiving the appropriate care and treatment.
A further constraint is that only the public health sector is involved 
in national surveillance, with no notifications received from private 
healthcare. This further exacerbates the underreporting of CDs. 
The data collection process is also affected by the poor quality of 
the data received, including the submission of incomplete forms, 
illegibile handwriting and late submission. The greatest challenge 
is that the NDoH data capture system is not compatible with any 
other surveillance system, including the ICD-10 – preventing data 
comparison with other programmes.[9]
A well-functioning CD surveillance system could prove particularly 
useful when new pathogens appear. The Zika virus (ZIKV) has 
recently been implicated as a cause for microcephaly in newborns. 
The ZIKV vector is present in SA along the eastern seaboard, 
breeding in Strelitzia leaves, and there is anecdotal evidence that 
microcephaly has increased in incidence over the years. However, 
without accurate CD surveillance data, a possible link with ZIKV 
cannot be shown. ZIKV may have had a similar impact on CDs along 
the eastern reaches of SA as in Brazil, because of shipping routes east 
of Africa.[17] A comprehensive, functioning surveillance system would 
have identified any change in trend of microcephaly incidence and 
contributed to further research in this area.
Recommendations
Strengthening surveillance of CDs in SA requires the consideration 
of new avenues. The approach taken to date in SA is the use of 
a population-based surveillance programme, in which data are 
collected from an entire source population within a defined time 
period.[11] This approach is not working, because of limited resources 
(human and financial) and the current state of the medical genetic 
services in the country.[14] For the future, it is recommended that a 
hospital-based surveillance programme be implemented, similar to 
the Perinatal Problem Identification Program (PPIP) model, where 
data are collected from specific hospitals and facilities in a defined 
geographical area.[10,11] A revised BDNT should be developed using 
an electronic application (app)-based approach to collect data, 
eliminating the current paper-based method.
To improve the quality and collection of data, capacity building 
of HCPs in PHC settings should be reintroduced and strengthened. 
Health facilities responsible for the management and treatment 
of patients with CDs require improved support to enable them to 
notify CDs. Healthcare providers at these facilities are at the core 
of the system, reporting on confirmed diagnoses following further 
investigations.
Improved integration is required, and the NDoH, provinces, 
facilities and other roleplayers need to work together to improve CD 
data collection countrywide. The private healthcare sector should 
also be incorporated into the notification system. Laboratory 
services and their contribution to CD surveillance need improving 
and non-governmental organisations should be permitted to play a 
greater role in the collection of evidence-based data through patient 
registries, to more accurately reflect the true disease burden of CDs 
in SA.
Conclusions
The current national surveillance of CDs implemented through the 
BDNT is resulting in poor quality and quantity of data. This needs to 
be rectified to ensure a higher quality of CD observational data, to 
highlight the growing contribution of CDs to the disease burden in the 
country. Greater commitment is required to comprehensively collect 
and analyse CD data and apply these findings in policy development 
and implementation, by improving medical genetic services for those 
affected or at risk of CDs. Such improved surveillance would be an 
important step in response to World Health Assembly Resolution 
63.17 of 2010.[2]
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